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The  Amy  Miaslle  Co— nd  has  Issued  a  compre- 
V^wftenslve  report  on  corrosion  prevention  and  deteri-. 
^wiratton  in  electronic  components  and  assemblies/ 
(aVhe  elective  of  the  report  it  t;  sid  tht  designer 
-Jn  meeting  environmental  requirements.  It  points 
Qr^ut  dangerous  combinations  of  materials  and  pro- 
_eesses,  emphasizes  the  importance  of  proper  se- 

action  of  materials,  and  provides  the  designer  with 
techniques  for  the  prevention  of  deterioration. 
fmd 

The  first  quarterly  progress  report  on  the 
coupling  program  on  corrosion  has  been  itsu- 
^^4d/2)  Objectives  and  areas  of  research  are  out- 
^MAined  for  the  various  participating  agencies.  The 
(■■Program  will  concentrate  on  the  stress-corrosion 
^(tracking  of  high-strength  aluminum,  steel ,  and  the 
^^itanium  alloys  in  nearly  neutral  aqueous  solutions. 

Representatives  from  approximately  eight 
countries,  including  the  U.  S.  and  Canada,  took 
part  in  the  AGARD  Structures  and  Materials  Panel 
Symposium  on  Strees-Corroslon  Cracking  of  High- 
Strength  Aircraft  Metals  and  Alloys  held  in  Turin, 
Italy,  April  17-20,  1967.  The  discussions  Involved 
the  general  theory  of  stress-corrosion  cracking  as 
wall  as  the  effect  of  stress  level,  heat  treatment, 
alloy  content,  and  environment  on  the  stress-cor- 
roslon-cracklng  behavior  of  high-strength  low-alloy 
steels,  high-strength  stainless  steels,  aluminum 
alloys,  and  titanium.  In  addition,  each  country 
preaented  a  review  of  the  current  research  presently 
being  conducted  on  stress-corrosion  cracking. 

In  general,  the  French,  Italian,  German,  and 
English  research  Is  concerned  primarily  with  the 
effect  of  heat  treatment  and  alloy  composition  on 
the  stress-corrosion-cracking  behavior  of  high- 
strength  aliainum  alloys  of  she  7079  and  7079  types. 
A  large  portion  of  the  research  has  been  concerned 
with  the  effect  of  silver  and  zirconium  additions 
along  with  modifications  in  the  chromium  and  copper 
contents  of  the  alloys.  The  substltut  ion  of  zir¬ 
conium  for  chromium  plus  the  use  of  silver  has  re¬ 
sulted  in  alloys  having  improvsd  resistance  to 
stress-corrosion  cracking.  However,  much  of  this 
research  hat  been  concerned  with  sheet  materials 
rather  then  heavy-section  forgings. 


The  effect  of  long-term  storage  of  hydrazine 
in  2014  aluminum  tanks  on  corrosion  and  subsequent 
Ignition  tests  hss  been  studied  at  Jet  Propulsion 
Laboratory/3)  Slight  pitting  to  a  maximum  depth 
of  lass  than  1.7  mils  was  observed  after  46  months 
of  storage  in  the  open.  Although  the  hydrazine  was 
degraded  slightly,  it  ignited  and  burned  as  smoothly 
with  nitrogen  tetroxide  as  did  stock  hydrazine. 
Screening  tests  with  N2O4  in  2014  aluminum  canisters 
revealed  a  slight  pitting  of  less  than  0.2  mils 
after  2  months  of  exposure. 


The  effect  of  minor  alloying  additions  to 
7075  aluminum  alloys  on  the  .r  susceptibility  to 
stress-corrosion  cracking  Is  being  studied  by 
Boeing/4)  Of  the  elements  studied  (silver,  boron, 
cerium,  ytterlum,  zirconium)  only  silver  reduced 
susceptibility  to  cracking.  This  beneficial  effect 
was  attributed  to  the  Increased  tendency  of  the 
silver-bearing  alloys  to  pit. 

Fatigue-crack  propagation  and  delayed  failure 
(precracked  specimens)  of  aluminum  and  titanium  al¬ 
loys  In  salt  solutions  and  air  has  been  studied  by 
Langley.'®)  Fatlgue-crack-growth  rate  was  faster 
In  seawater  than  In  air  by  the  following  ratios! 
7075-T6  Ai  (§11  stresses),  2«1;  2024-T3  A1  (low 
stress),  l.Silj  (high  stress),  not  much  difference; 
(highest  stress),  Ii2  (higher  in  air);  TI-8AI-IM0-IV 
(all  stresses),  2  or  3«1.  The  delayed  failure 
strengths  of  the  titanium  alloys  were  lower  than 
thalr  rasidual  static  strengths  in  air,  while  they 
were  similar  with  the  aluminum  alloys. 

The  stress- corrosion-cracking  behavior  pf. 
7001-T75  aluminum  has  been  studied  at  Boeing/ °» 
Alternate  immersion  taste  in  3.5  percent  NaCl  solu¬ 
tion  were  performed  at  gross-area  stress  levels  of 
20,000,  30,000,  and  50,000  pal  with  steal  Taper-Lok 
and  tltanlimt  lockbolt  fasteners  In  plain  and  cold- 
worked  holes  In  the  gage  section  of  flat  tentlle 
specimens.  Fsstoners  were  installed  with  clearance 
and  interference  flta.  At  the  50,000  pal  level,  the 
7001-175  exhibited  strets-corroslon-c racking  resis¬ 
tance  superior  to  that  of  7079-T6,  7079-T62,  or  7079- 
T6U.  Alloy  7075-173,  alto  Included  in  the  study, 
cracked  because  its  ultimata  tensile  strength  was 
exceeded  at  the  50,000  pel  grots  loading. 
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Hlah-Strenoth  StMli.  Th*  effect  of  aolstur* 
and  of  rapaatad  loading  on  th#  alow  crack  growth  of 
4340  steel  has  boon  reported  by  tha  Unlvaraity  of 
Illinois.!7)  C*nt#r-crack*d  0.07- inch- thick  ahaot 
ipsrlmsns  war*  leaded  in  tana ion.  Crack  growth  in 
molet  argon  waa  20  tiaaa  that  found  in  dry  argon 
at  the  a  ana  cyclic  loading. 

The  affect  of  exploalv*  forming  on  the  strsss- 
corroaion-cracking  auaceptiblllty  of  aeveral  hlgh- 
atrength  ateela  and  aluminum  alloy a  haa  bean  report¬ 
ed  by  Mertitv-Denver.'8'  Four-point  beao-loaded 
specimens  taken  fron  each  alloy  before  and  after 
forming  were  etreaeed  to  80  percent  of  the  0.2  per¬ 
cent  offaet-yield  etrength  and  were  exposed  200 
houra  to  3.5  wt£  NaCl  aolution  in  an  alternate 
iaaaeraion  teat.  TK-  tress-corrosion-  rr;riir.g  re¬ 
ala  tance  of  D6ae  a  tael  and  7039-T62  aluainuai  waa 
affected  adversely  by  the  exploaive-foralng  oper¬ 
ation.  while  that  of  12Ni-9&*3Mo,  HP  9-4-25 ,  and 
18  percent  nickel  aaraging  ateel  waa  unaffected  by 
forming. 


attack  and  the  threshold  temperature  (incidence  of 
'  attack)  varied  with  chromium  content.  At  the  8  ppm 
ealt  level t  alloys  containing  laaa  than  14  percent 
chromium  had  threshold  temparaturas  equal  to  or  laaa 
than  1500  F>  and  alloys  containing  more  than  15  per¬ 
cent  chromium  had  threshold  temparaturas  equal  to  or 
graatar  than  1500  F. 


samisM  sx.  iiami  nun  a 

Pyrophoric  Raactiona.  The  reaction  between 
five  ha logena tad-hydrocar bon  f ire-extinguishing 
agenta  and  titanium  in  hydrocarbon. fires  haa  been 
studied  by  the  Bureau  of  M«nss.!12)  Little  or  no 
reaction  was  obtained  when  the  titanium  specimens 
were  large  and  their  surfaces  wars  neither  porous 
nor  highly  Irregular.  Visible  burning  waa  observed 
with  tlLaulu*  sponge,  >«ti|  wire,  or  turnings  equal 
to,  or  lest  than,  0.020  Inch  In  thickness.  The 
1 ,2,2-trlf lunropentachloropropane  ( OCI3CF2CFCI2) 
and  dibromodif luorome thane  (CBr^fj)  compounds  were 
th*  moat  reactive  with  titanium  and  bromochlorcm* 
thane  (CHjRrCl)  was  the  least  reactive. 


The  stress-corrosion-cracking  behavior  pf 
9Nl-4Co  steel  has  been  studied  by  Douglas. (9)  Al¬ 
ternate  immersion  testa  in  synthetic  seawater  of 
tensile-type  specimens  indicated  that  HP  9-4-30 
(0.30  carbon)  martensite  was  resistant  to  stress- 
corroslon-cracklng  under  moat  surface  preparation 
conditions  except  those  severe  treatments  that  pro¬ 
duced  untsapered  martensite.  HP  9-4-45  a  sr  tens  it* 
waa  susceptible  to  cracking  under  all  condi tlons. 
studied  except  shot  peening.  The  more  r»' ’ slant 
HP  9-4-45  balnlte  waa  cracked  only  when  cadmium 
plated.  Precracked  specijMns  of  HP  9-4-30  marten¬ 
site  and  HP  9-4-45  balnlte  were  susceptible  to 
atress-corroslon  cracking  In  alternata  Immersion. 
Although  precracked  HP  9-4-45  balnlte  failed  in  con¬ 
stant  lmmarslon,  HP  9-4-30  martensite  did  not. 

Oxide  films  formed  In  air  at  400  F  Increased  tha 
stresa-corroslon-cracklng  resistance  of  all  alloys 
In  all  conditions  tasted. 

Stainless  Steals.  Tha  affect  of  cold  work  on 
the  stress-corxesion-crecking  behavior  of  Typaa  301, 
304,  310,  and  321  stainless  ataels  haa  bean  studied 
at  tha  ftiraau  of  Standards.' 10)  Cold  reductions 
ranged  to  50  percent.  Cracking  waa  not  detected  in 
any  specimens  that  were  stressed  to  90  percent  of 
yield  etrength  and  expoaed  for  452  day*  in  a  marine 
atmosphere.  Laboratory  studies,  using  boiling  0.5* 
HaCl-O.m  NaMOj  solution,  revealed  a  maximum  In  th* 
thre*bold~**reae-l*vel  curve*  "**■  -rrcaat  ccld 
reaction  (93,000  pal)  for  Typo  304  stainless  ateal 
and  at  33  panant  cold  reduction  (113,000  pal)  for 
Type  321  stainlaa*  steal.  Th*  threshold  level  for 
Type  301  atalnlaa*  continued  to  inert • a*  with  in- 
creaming  00 Id  work  to  33  percent  (166,000  pal). 

Tha  Type  310  stainless  did  not  generally  crack  in 
this  aolution.  Tafia  in  boiling  42  panant  MgClo 
indicated  that  thr-4pneeled  Type  310  stainless  l* 
mot*  resistant  to  cradling  than  the  cold-worked 
material. 
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Studio*  of  th*  sulfidation  ef  auparalloy*  dur¬ 
ing  cambuatien  with,  aalt-contaminatad  air  are  con¬ 
tinuing  at  AJfCD.vll)  ha  duct  taw  of  tha  sulfur  con¬ 
tent  of  tha  fuel  (JP-4)  (ran  0.16  to  0.02  percent 
significantly  redmtrf  the  and  of  sulfidation  at 
selt-to-nlx  ratios  ad  4  and  •  ppa.  tha  depth  of 


Stress-Corrosion  Cracklno.  Tha  Defense  Metals 
Information  Canter  waa  host  to  a  seminar  on  acceler¬ 
ated  crack  propagation  sf  titanium  In  various  en¬ 
vironments  that  was  held  at  battalia's  Columbus 
Laboratories  on  March  6,  1967.  Environments  discuss¬ 
ed  Included  methanol,  halogenated  hydrocarbons,  and 
chlorine.  Publication  of  a  transcript  of  the  meeting 
1*  planned. 

The  Naval  Research  Laboratory  has  conducted  - 
stress-corrosion  testa  on  remnants  of  the  T1-6A1-4V 
Apollo  fuel  tank  that  failed  during  pressure  tasting 
with  methanol.!13)  Side-notched,  fatigue-precrack #d 
specimens  wars  loaded  in  a  cantilever-bend  configur¬ 
ation.  Cracks  propagated  In  contact  with  methanol 
at  plane-strain  Intensities  as  low  as  15,000  pal 
/In.  The  material  was  also  found  to  be  somewhat  sus¬ 
ceptible  to  cracking  In  dlstlllad  water  with  a  crack 
propagating  at  a  plane-strain-stress  Intensity  of 
•bout  30,000  pal  /In. 

NASA  has  also  conducted  atress-corroslon  studios 
with  T1-6A1-4V  in  mathanol  using  virgin  metal  and 
remnant*  from  tha  Apollo  fuel-tank  failure.!14) 

Results  obtained  using  notched  specimens  Indicate 
that  cathodic  protection  and  additions  of  gzeatrr 
than  1  percent  water  will  Inhibit  atraaa-corxoalon 
cracking  in  mathanol. 

Straaa-corroalon  studies  with  precracked  ti¬ 
tanium  alloys  In  dlstlllad  water  and  3  percent  NaCl 
solution  have  bean  continued  at  Douglas  Astro- 
power.'18)  it  was  found  that  alpha  type  Tl-5Al-2.S4n 
and  duplex  annealed,  alpha-beta  type  TI-8AI-IM0-IV 
and  T1-6A1-4V  alloys  exhibited  susceptibility  to 
stress-corrosion  cracking  in  the  salt  solution, 
whereas,  beta  type  Ti-13V-llQr-3Al  did  not.  The  beta 
alloys  exhibited  ductile  dimple  fracture  surfaces  in 
air  and  aslt  solutions.  Alpha-bsta  and  alpha  type 
alloys  exhibited  mixtures  of  ductile  dimple  and 
brittle  cleavage  area*  in  fracture  with  tha  cleavage 
ureas  being  much  larger  In  *  tress-corrosion  cracking 
than  in  air  fracturing.  In  general,  tha  strssa-cor- 
roslon  crack a  propagated  tranagranularly  through 
alpha  grains,  but  followed  by  cleavage  to  tha  alpha- 
bait  phase  boundaries.  It  it  believed  that  the  segre¬ 
gation  of  hydrogen  in  th*  bat*  phase  affect*  this 
brittle  behavior  of  tho  bota  regions. 


The  effect  of  environment,  applied  potential, 
and  metallurgical  structure  on  the  stress-corro- 
a ion- exacting  behavior  of  TirflAl-lV-lMo  alloy  haa 
been  reported  by  Boeing.'16’17'  Tensile  tests  were 
conducted  with  notched  speciaens  In  air  and  In  vari¬ 
ous  solvents  and  salt  solutions.  Cracking  occurred 
In  chlorinated  solvents,  such  as  carbon  tetrachlor¬ 
ide,  methylene  chloride,  and  trichloroethylene.  Of 
the  many  ions  investigated,  only  chloride,  bromide, 
and  iodide  produced  stress-eerrsbisr.  cracking.  It 
was  found  that  Inhibiting  ions,  such  at  sulfate  or 
nitrate,  overcame  the  effects  of  email  concentra¬ 
tions  of  these  halides  in  water  or  methanol.  Crack- 
propagation  velocity  was  found  to  increase  linearly 
with  applied  potential  from  -900  to  +500  mv  (SCE) 
regardless  of  the  halide  Ion  studied. 

A  final  report  has  been  Issued  by  Southwest  Re¬ 
search  Institute  on  the  effects  of  eoaaerclally 
available  protective  coatings  on  the  stress-corro¬ 
sion  properties  of  Tl-BAl-lMo-lV  supersonic-trans¬ 
port  skin  material/1®)  The  hot-salt  testa  ware 
conducted  at  550  F  for  durations  to  7000  hours. 
Several  coatings  prevented  stress-corrosion  cracking. 
White-pigmented,  catalytical ly  cured  silicone  was 
the  optlaua  coating  based  on  the  SST  requirement  of 
high  IR  aaissivlty  on  large  areas  of  the  outer  skin. 
On  areas  not  subject  to  IR  control,  alunimaa-wodi- 
fied  silicone  ms  probably  superior,  particularly 
on  engine  components  exposed  to  temperatures  to 
950  F. 


Oxidation.  The  gettering  rate  for  oxygen,  of 
columblum,  zirconium,  and  tantalum  at  low  pressures 
and  high  temperatures  has  been  determined  at  G.E.'s 
Missile  and  Space  Division.'  22)  Exposure  conditions 
ranged  from  10**  to  5  x  10”®  tosr  exygen  and  685  to 
1100  C  (1625  to  2012  F).  The  pressure  and  gettering  _ 
rate  for  each  condition  were  used  to  calculate 
"sticking  factors”  (the  fraction  of  total  molecules 
striking  the  specimen  that  does  not  rebound). 

The  air  oxidation  of  iridium  and  rhodium-irid¬ 
ium  alloy  has  been  reported  by  TRW  Systems.!") 

The  key  parameters  in  the  oxidation  of  pure  iridium 
in  the  temperature  range  of  1050  to  1500  C  (1922  to 
2732  F)  were  velocity  and  air  temperature.  As  air 
velocity  increased .and  air  temperature  decreased 
(iridium  at  constant  temperature)  it  appeared  that 
gaseous  diffusion  of  reaction  products  became  less 
important  and  surface  reactions  became  more  import¬ 
ant-  in  determining  the  overall  oxidation  rate.  Al¬ 
loying  with  rhodium  roduced  the  oxidation  rate  of 
iridium.  The  high-temperature  oxidation  of  iridium- 
rhodium  alloys  was  characterized  by  the  formation  of 
internal  porosity  at  the  grain  boundaries.  It  was 
concluded  that  the  porosity  was  the  result  of  solid- 
state  dif'jslon  snd  subsequent  oxidation  of  rhodium 
in  the  grain  boundaries.  The  penetration  of  oor- 
osity  decreased  with  time,  thus  indicating  that  as 
oxidation  proceeded  the  tendency  for  individual  voids 
to  grow  larger  was  more  predominant  than  the  tendency 
for  the  pores  to  penetrate  deeper  into  the  metal. 


A  seawater  stress-correslon-resistant  titanium 
alloy  has  been  developed  and  evaluated  as  a  condl- 
date  pressure-hull  material  by  the  Marine  Engineer¬ 
ing  Laboratory. U9)  The  alloy,  Tl-6Al~2Cb-lTe-0 ,0Mo, 
was  resistant  to  stress-corrosion  cracking  (precrack¬ 
ed  cantilever  specimen)  and  to  low-eyle  and  high- 
cycle  corrosion  fatigue  (notched  specimen).  Cor¬ 
rosion  properties  of  the  weldments  were  as  good  as 
those  of  the  base  metal.  It  was  concluded  that  it 
is  feasible  to  use  this  alloy  as  pressure-hull  me- 
terlal  of  100,000  psl  yield  strength  in  1-inch  and 
of  96,000  pal  yield  strength  in  2.5-inch  thickness. 

B6ACU«JI£IAS 

ASliOUl  CagMlflll.  The  effects  of  water  vapor/ 
hydrogen  environments  on  the  mechanical  properties 
of  columblum  and  B-66  eojumbium  alloy  have  been  re¬ 
ported  by  Rocketdyne.(20/  Test  environments  were 
argon  and  Hjp/fy  in  the  ratios  of  3  to  1  and  1  to  1. 
A  minimum  ductility  sms  observed  at  1050  F  for  the 
unalloyed  columblum  upon  exposure  to  H3O/H5,  while 
the  B-66  alloy  exhibited  considerable  embrittle¬ 
ment  at  about  1500  F.  A  hydride  phase  was  found  in 
the  unalloyed  columblum  exposed  at  1050  F,  and  it 
wee  concluded  that  the  source  of  the  hydrooen  is  the 
molecular  hydrogen  In  the  environment.  On  the  other 
hand,  the  hydrogen  absorbed  by  the  B-66  alloy  was 
believed  to  result  from  the  reaction  of  the  alloy 
with  water  vapor. 

The  corrosion  behavior  of  beryl 11  um-alumlnum 
alloys  in  flowing  water  at  163  C  (325F)  haa  been 
reported  by  Riilllpe  Petroleum.'")  Weight  lets 
results  for  the  two  alleys  were  approximately  450 
mg/dp2  after  1300-hr  exposure.  Metallographie  ex¬ 
amination  revealed  selective  removal  of  aluminum  to 
a  depth  of  —  1.5  mils  in  the  3t  vt  W  aluminas  alloy 
and  to  a  depth  of  about  2  milt  in  the  4*  at  X  alloy. 


Coatings.  Various  compositions  of  fused-sili- 
eld#  coatings  for  D43  coiumbltm  alloys  have  been 
studied  by  Sylvanie.  4-  Twenty-five  compositions 
in  -Ute  Sl-Cr-Ti-Fe-V  system  were  investigated  in 
1-hour  cyclic-oxidation  tests  in  air  ar  800  to  2500  F. 
Optimum  compositions  were  found  to  be  Si-20Cr-20Fe- 
10VS12  end  Si-20Cr-20Fe.  These  compositions  dis¬ 
played  the  longest  lives,  about  30  ana  50  cycles, 
respectively. 

An  evaluation  of  the  oxidation  resistance  of 
sillclde  coatings  on  columblum  and  tantalum  has. been 
ssds  at  Lockheed  Pslo  Alto  Research  Laboratory.'25' 
TsSlj  on  tantalum  end  CtSi2  on  columblum  oxidized 
uniformly  to  form  a  two-phass  oxldt  layer  that  was 
not  as  protective  as  that  of  M0SI2  on  molybdenum 
which  oxidized  selectively  to  form  only  SlOj.  The 
s'+Jtticr  aluminum  to  the  sillclde  coe tings  moder¬ 
ately  improved  their  oxidation  by  promoting  selective 
oxidation. 

Oxide t lon-reslstant  costings  for  Cb-iZr  alloy 
have  been  investigated  by  the  Jst  Propulsion  Labor¬ 
atory.'26)  Exposure  conditions  wars  500  hours  in 
2000  F  argon  containing  1  to  3  ppm  oxygen  and  1  to 
10  ppm  waver  vapor.  Of  the  uoesinva  vested,  molyb¬ 
denum  dlslllcide  applied  over  a  molybdenum  tu boost¬ 
ing  appeared  to  be  the  most  effective.  A  tin  alumi¬ 
num  coating  alac  appeared  premising.  Chromium- 
mo  lybenum  suicides  were  unproteetlve,  as  chromium 
diffused  into  the  cubatrcte.  Several  proprietary 
coatings  allowed  seme  oxidation  ef  the  substrate. 
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